
= at w 

SCIENTIFIC AMERICAN SUPPLEMENT No. 2037 January 16, 191.5 

ditions creating suction will be exaggerated by any 
angular swing of the following ship toward the leading 
one. The two pockets, 1 1  feet deep, on her port bow 
and starboard quarter are there because a surplus of 
water is trying to get to its ultimate destination, which 
is off her port quarter, as rapidly as possible. To give 
it the necessary horizontal acceleration a drop in head 
must Qccur. But how much more will this region off 
her port quarter lack its supply of water if the bow swings 
toward the leading ship, cutting off the channel between 
them, while the stern swings out, lengthening that route 

'
for the water? 

But what most commonly happens is that while the 
courses remain parallel the ships run over a hump in 
the sea bottom, or they pass a pier-head or bank, which, 
when opposite the trailing ship's starboard quarter, re
duces the pathway for water, and therefore deepens the 
pocket on that portion of the hull-the former being the 
more common cause of disaster. Such a combination 
of circumstances will instantly exaggerate into uncon
trollability suction forces which previously-perhaps 
during a considerable period of overlapping-had proven 
harmless. It may be that the vague fear of suction, 
so often mentioned by pilots as felt when steering such 
following courses, had been stilled by such preceding 
period of security, only for the relaxation of alertness 
just at the time when the alteration in the depth of water 
created the real danger. Too many suction collisions 
occur just where the water shoals slightly to permit 
disregard of this factor, although it is impo�sible to 
bring it into any mathematical discussion. Nor are the 
data of actual disasters sufficiently accurate so that the 
shoal can often be located exactly, in relation to the 
ships, when action occurred. But it is seldom that un
questionable suction occurs when only the two ships 
are present, surrounded by open water. 

A similar contributing factor in many of the minor 
cases occurring in American inland waters is a third 
vessel. Fig. 11 shows how such a combination may 
produce disaster. A and B are ships moving in the 
same direction on parallel courses and· overlapping. 
C is a third ship upon another parallel course. If C 
be moving in the same direction as A and B, B is plainly 
(from Fig. 9) steering in very unstable equilibrium, 
sailing steadily down-hill into the pocket created by the 
displacement of A and C. The slightest swerve of B's 
head towards A, as at B', will not only starve the Q 
region of water needed at R, as would be true if C were 
not present, but will trap an over-supply of water be
tween B' and C, exaggerating the pocket at U and creat
ing an additional one at T. B's head will be crowded 
towards A and her stern and middle body drawn towards 
C with irresistible forces, which grow stronger with every 
additional degree of swing. 

Not only arE) there several instances where this situa
tion has led to disaster after two of the three ships (say 
A and B) had sailed closely but safely for sotne time, 
but there are a few cases where the only plausible ex
planation of an otherwise inexplicable sheer of B into 
A was that C had exerted this same effect, even although 
passing in the opposite direction. 'l'hese are all in the 
restricted channels connecting the Great Lakes, used by 
boats of heavy tonnage; but the speed was correspond
ingly low, a circumstance minimizing the danger of 
suction. 

Only two attempts have been made, to the writer's 
knowledge, at the experimental determination of suction 
forces. One was the Taylor experiments with models 
in the Washington towing-tank already mentioned. 
These observations confirmed in every way the hydraulic 
theory already presented. They were limited in their 
educational value, however, by the fact that the models 
were fixed relatively to each other, thus preventing any 
knowledge as to how rapidly these forces are enhanced 
by the natural swing of the vessels towards each other. 
Any determination of this acceleration will, of course, be 
very difficult; but since it is quite impossible by math
ematical analysis, and is virtually impracticable even 
with models (because the prime question is whether such 
action occurs more or less rapidly, in full-size ships, than 
the human organism can act), it is unfortunate that 
the ideal ships of the British or United States navies 
cannot be utilized for this purpose. When suction was 
the thing anticipated and under measurement, it would 
be easy to make the experiment safe. 

The other known set of experiinents was made with 
actual vessels, if small ones, by Prof. A. H. Gibson and 
Mr. J. H. Thompson (reported in Engineering, Septem
ber 27, 1912). These experiments also corroborated 
hydraulic theory in every respect. Their chief drawback 
was the inequality in length between the two boats, as 
well as their small size. One, a steam yacht, used as the 
leading vessel, was virtually three times the length of 
the other, a motor boat. Flom Fig. 9 it will be obvious 
that it is important that the two ships be at least similar 
in length. In one prominent suction collision, however
the "Brockton"-"Hartt"-the leading boat was much 
larger than the attracted boat; and in this instance, too, 
arose a beautiful example of interaction between the COll-

strained wave 'of the smaller boat and the echelon wave 
of the larger (the two waves being of similar length) as 
the contributing cause which converted an otherwise 
safe situation into a disastrous one. This collision is 
further the more remarkable in that it occurred in com
paratively deep water, outside Sandy Hook, between 
vessels of comparatively light draught. 

There will be given a brief description of a few of the 
more prominent or illustrative suction collisions. Any
one who has studied the entire list of such recorded dis
asters will be impressed with the clear way in which all 
but a very few are explicable as natural, if not inevitable, 
phenomena, so soon as the foregoing hydraulic theory is 
applied. But he will also be impressed with the variety 
of combinations of circumstances which may arise to 
create suction forces powerful enough to produce disaster, 
and thus to record themselves in civil suits at law. These 
combinations are too many to be always remembered, 
nor can the list of possible ones be already exhausted, 
We have not yet finished with suction disasters. While 
channels are continually being deepened, longer, deeper, 
and more powerful hulls are appearing at an even higher 
rate of progress. 

For these reasons the subject cannot he dismissed> 
without at least a word as to the possibility of prevent
ing future suction collisions. The general education 
of pilots is one obvious measure of relief, and it is to that 
end that the present article is primarily aimed. But 
another more formal and reliable preventive is feasible, 
in the writer's belief, and this is an amendment to our 
international navigation laws covering the case of over
taking vessels. The suggested amendment (which is 
offered tentatively, by one who is not a certificatea navi
gator) should read to this effect: 

That when an overtaking vessel asks for and receives 
from the leading vessel permission to pass, by the ex
challge of the usual signals, the acquiescence of the 
leading vessel 'shall enforce upon both vessels the slowing 
of their engines, those of the following vessel being re� 
d uced to "half speed," and those of the leading vessel 
to "slow," which condition is to be maintained until the 
overtaking vessel's stern has passed clear of the overtaken 
vessel's how. In restricted waters such a procedure is 
the only safe alternative to the overtaking vessel remain
ing astern until wider sea-room has been reached. 

(To be concluded.) 
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The Inductance of a Coil 
To the Editor of the SCIENTIFIC AMERICAN SUPPLEMENT: 

IN the SCIENTIFIC AMERICAN SUPPLEMENT of October 
10, 1914, appeared an article by Kenneth Richardson, 
in which was given a formula for the calculation of the 
self-inductance of a coil. 

I wish to call attention to the faet that the formula 
as given is, in general, inapplicable, and of no practical 
use for the purpose stated in the article. It is "exact" 

. D .  
h only m case I = a certam value, where "D" is t e 

diameter, and "I" is the length of the coil. The quan
tity "1 01.5" has a different value for every change of 
D 

Using K for "101.5" the formula may be written: 

N2T2 
L = --- K where: 

I 

L = Inductance in centimeters. 
N = Total turns. 
T = Radius, centimeters. 
I = Length. 

D 
K = A constant, depending in value upon -

I 
The calculation of the constant K is a long and dif

ficult matter and beyond the ability of the average 
amateur radio experimenter. Likewise, the calculation 
of the self-inductance of short solenoids is by no means 
simple when aecurate results are required. 

To illustrate by an example the error if one uses the 
formula given by Mr. Richardson: I shall take a coil 
which would be suitable for use as the primary of an 
oscillation transformer for amateurs. Dimensions of 
coil: 

D= 
T= 
1= 
N= 

where: 

20 centimeters, or 
Ie 
10 

8 

D= Diameter 
'1'= Radius 
N = Total turns 
I = Length 

8 inches (approximately) 
4 

4 

Calculating the inductance of the above coil by Nag
aska's formula we get: 1 3 ,27 7.6954 + l'('n1,imetcrs, or 
13.2776954 micro-henries. This value is extremely ac-
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curate, as checking with the absolute formula of Lorenz, 
the difference is only 0.0 5 7 +  of one centimeter. 

Calculating the self-inductance of the same coil by 
101.5 N2T2 

the formula: L = ------ we get 25.984 micro-hen-
IX 1000 

ries, as the approximate self-inductance. 
From the foregoing it is evident that the error for a 

coil in which T = 2 is approximately 95 per cent. 

In order to have gotten highly accurate results we 
should have had to use 51.865+ instead of "101.5," 

in the case of the coil which we considered where !! = 2. 
. " I 

In the above case the self-inductance is the current 
sheet value and requires a correction, depending upon 
the size of wire used, for the true low frequency induct
ance. If we use No. 4 B. and S. wire, the self-induct
ance will be 1.054 6662 micro-henries greater, approxi
mately. The low frequency inductance then is: 14.342+ 

micro-henries. Knowing the self-inductance exactly, 
the method of obtaining the dielectric constant as de
scribed by Mr. Richardson is simple and should be 
suitable for amateurs. But the self-inductance cannot, 
be calculated with the required accuracy by the formula 
given, excepting, as before stated, in the case of a coil 
of certain dimensions. 

J. E. FREDERICKS, 
El. 1. C. Radio, U. S. N. 

WE wish to call attention to the faet that we are in a 

position to render competent services in every branch 
of patent or .trade-mark work. Our staff is composed 
of mechanical, electrical and chemical experts, thor
oughly trained to prepare and prosecute all patent ap
plications, irrespective of the complex nature of the 
subject matter involved, or of the specialized, technical, 
or scientific knowledge required therefor. 

We also have associates throughout the world, who 
assist in the prosecution of patent and trade-mark ap
plications filed in all countries foreign to the United 
States. 

Branch Office: . 
625 F Street, N. W., 

Washington, D. C. 

MUNN & Co., 
Patent Solicitors, 

361 Broadway, 
New York, N. Y. 
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